Abstract
Introduction
anthropogenic pressure and habitat fragmentation, so that long-term monitoring is essential to 43 support effective conservation plans. Large carnivores tend to be particularly vulnerable given their 44 generally low population density, slow population growth rate and large area requirements 45 (Dalerum et al., 2009 ); for the same reasons, they are also difficult to study ( Minta et al., 1999 ; 46 Gese, 2001) . A deep understanding of the ecology and distribution of carnivores and the way they 47 the Israeli invasion in 1967 (cf. Ginsberg, 2001) We undertook a preliminary survey of the carnivore community of the St Katherine 79
Protectorate, as such our work can be considered as a first step in the direction of a continuous 80 programme of carnivore monitoring within the Protectorate. We also provide detectability estimates 81 in order to maximise the amount of data about carnivores in the study area. We hope this may result 82 in a carefully planned long-term monitoring project and to optimise carnivore conservation 83 programs in this area. 84 85
Methods

86
Given the lack of previous data on the carnivore community of the protectorate, we used two 87 commonly used non-invasive techniques, camera trapping and scat collection, to carry out a pilot 88 study surveying the carnivore community of the St Katherine protectorate. Integrating multiple 89 methods is useful as it increases the probability of detection and reduces bias of derived population 90 estimates (Campbell et al., 2008) . In this case it seemed to be particularly advantageous since this 91 was a pilot study conducted to assess the presence of multiple species (Gompper et al., 2006; Long, 92 2006) . 93 Fieldwork was conducted within the boundaries of the St Katherine Protectorate, within a radius of 94 three months, between May and July 2012. 96 Scent and food lures were used at every site and sampling occasion to maximise the 97 probability of detecting target species. Although we recognise that this has probably positively 98 biased our estimates of detectability and occupancy (Garrote et al. 2012 ), we judged it necessary to 99 use attractants to achieve our objectives (Garrote et al., 2012) , given our limited survey period, the 100 large area to be sampled and the lack of available biological data for the study area. 101
Study area
102
We selected two desert regions: the Blue Desert (five sampling sites) and Sheikh Awad (six sampling 103 sites), each covering about 100 km 2 , and an urban region surrounding St. Katherine (four sampling 104 sites) with an area of about 25 km 2 to assess the presence of carnivores in urban areas (Figure 1 ). 105
The survey area of the two desert regions was chosen to be larger 
Camera-trapping survey
110
We used a total of 14 cameras for our survey. Eleven were equipped with infra-red flash (nine 111
Bushnell Trophy Cam Trail Cameras, Bushnell, USA; two Reconix HC600 Hyperfire cameras, Reconix, 112 USA) providing lower-quality pictures but with minimal impact on wildlife (Schipper, 2007) . These 113 were used in the desert regions where we expected animals to be less tolerant of anthropogenic 114 disturbance. Three devices (Cuddeback Attack cameras, Cuddeback, USA) had a white flash which 115 produced high-quality pictures at night, although the potential for disturbance was high. This kind of 116 devices can cause avoidance behaviours in wild animals (Schipper 2007) , for this reason these 117 cameras were only used in urban sites, where animals are more habituated to disturbance. 118
Overheating is a common issue in the desert and can cause malfunction in the cameras, for 119 this reason we made sure the cameras were always properly shaded, sometimes building a shelter 120 around the camera with rocks and other material found on site. Heat can also shorten battery life; toinaccessible to wild animals. 123
Scat survey
124
We selected five transects according to each region's habitat features, trying to represent different 125 environments evenly. According to this principle we selected two transects in the urban and Sheikh 126
Awad region respectively, while only one was selected for the Blue Desert, given the more uniform 127 nature of this region. The two transects in the urban region were walked once per week, while the 128 three transects in the desert regions were walked every two weeks. In addition we also collected 129 scats opportunistically (e.g. at camera trap sites) in order to maximise the amount of samples 130
collected. 131
We performed a species identification in the field of every scat found, based on its size and 132 Genomics, UK). The sequences were analysed using BioEdit (Hall 1999), aligned by eye and then 147 compared with other sequences in GenBank. 148
Since there are no Blanford's fox or Rüppell's sand fox mtDNA sequences on GenBank, we extracted,museum specimens for comparison (see Acknowledgements). 151 2002) to infer detectability and occupancy for each of the three non-domestic species captured. We 154 also compared the two methods used (camera-trap vs. scat collection) to assess their efficiency for 155 each species sampled. Calculating occupancy and detectability using this method requires some 156 assumptions: the main one is that the population needs to be closed and not subject to change via 157 animal movement during the survey period; this is relatively easily achieved in single-season surveys 158 such as the present study. A further assumption is that survey methods used must never give a false 159 presence of a species, implying no misidentifications. The use of additional analyses to verify 160 identifications (e.g. molecular identification) helps avoid this problem. Finally, detection histories 161 must be independent among locations. Adequate spatial spacing between survey sites prevented 162 the violation of this assumption. Field sites were chosen on the basis of separation by physical 163 barriers (e.g. mountains, roads, etc.) to prevent the movement of individuals between survey areas. 164 pictures were of Arabian wolves, interestingly we also obtained one picture of an adult wolf from 181 the urban region (Fig 2) . Striped hyenas were found only in Sheikh Awad, and not detected in the 182 other two regions. We recorded 472 pictures of hyenas from four of the five Sheikh Awad sites, 183 representing 11.40% of the pictures taken in this region. 184
Occupancy and detectability estimation
Results
Scat survey
185
We collected a total of 484 scats in all regions (Table 2) ; of these, 370 were found along the 5 186 transects, while the remaining 114 were collected opportunistically. Even though the number of 187 samples found opportunistically is relatively low compare to transect, we decided to include these 188 samples in our analysis as the vast majority of the samples found along transects (363 out of 370) 189
were morphologically assigned to foxes. We were only be able to find 3 and 4 samples assigned to 190 wolf and hyena respectively along transects during our survey period. The proportions of scats found 191 opportunistically was very different from the proportion of scats assigned to the three species that 192 were found along transects: out of 11tab 193 samples collected opportunistically, 64 were assigned to fox, 48 to hyena and two to wolf (Figure 3) . 194 
Genetic verification of morphological assignment
Estimates of occupancy and detectability
206
We constructed models for the target species, considering separately the two detection methods 207 (Table 3) , and assuming detectability and occupancy were constant across all sites. These 208 assumptions are not the most likely representation of reality, but allow a comparison between 209 detection methods amongst species (Boulinier et al. 1998 ). Table 3 also shows the observed 210 occupancy, representing the minimum known proportion of occupied sites (Bailey et al., 2004) . In 211 every case the observed occupancy was within one standard error of the estimated occupancy, 212
indicating the occupancy data are reasonably accurate. Estimations for the Red fox proved accurate 213 (S.E. within 15% of the estimate value), for both camera-trap and scat collection surveys (Table 3) . 214
For the scat surveys, the occupancy estimate was close to one because we detected foxes at almost 215 every site. Camera-trap data of Arabian wolves were scarce, resulting in large standard errors, 216 compromising the accuracy of the estimation. We therefore excluded wolf from the scat detection 217 model for two reasons: 1) the total amount of samples found in the field was too low to allow a 218 reliable comparison and 2) the genetic analysis did not confirm the reliability of morphological 219 identification for this species. For Striped hyenas, there was a fairly good estimate of detectability, 220 but occupancy was low (Table 3 ). This is due to hyenas only being detected in three sites in one 221 region, while the other two species were more widespread. 222 3.6 Cumulative detection probability and suggested survey guidelines 223 Based on data averaged across sites, we constructed species-specific cumulative detection 224 probability charts to compare the two field methods, and give guidance for planning further studies 225 in the area (Figures 4 and 5) . The cumulative detection probability showed that foxes and hyenas 226 have a similar detection rate, for both detection methods used. The survey period necessary to 227 achieve 95% detection probability is slightly shorter for scat collection survey than camera-trapping 228 (6 weeks vs 8 weeks), but overall comparable. 229 extent given the low number of pictures taken: this should be kept in mind before using the 231 detection curves to plan a monitoring project. With this caveat, based on our inferred detection 232 probability, remote cameras should be kept in the field for not less than 26 weeks to achieve a 95% 233 probability of recording the presence of wolves in the area (Figure 4) . 234 
Discussion
Detecting carnivores in hyper arid environments
296
Our results show that the detection probability estimated from scat survey data was higher than 297 camera-trap data for both Red fox and Striped hyena; however, this technique failed to provide 298 enough data to estimate the occupancy and detectability of Arabian wolves. 299
The collection rate along transects and opportunistically show a significantly different scat collection 300 rates amongst species: while fox's scats were predominant along transects and other species' 301 virtually absent, the number of hyena scats collected opportunistically is comparable to fox's (Fig 3) . 302
The reason for this discrepancy is probably due to different marking patterns in the three target 303 species. Foxes have been found to scatter faecal marks uniformly in their territories (MacDonald 304 1980), which probably explains the very high amount of fox scats found along transects, give the 305 high population density of this species. Data from Israel indicates that Striped hyenas tend to form 306 latrines in proximity of feeding and denning sites until cubs are adult (MacDonald 1978), contrary to 307 what was observed in the Serengeti, where this species is more solitary. This pattern of forming 308 latrines could explain the higher number of hyena scats collected opportunistically: one of our 309 cameras was placed in proximity to a known hyena den site and most of the samples were collected 310 there. Finally, wolf scat deposition patterns have been studied in Europe, where wolves tend to use 311 man-made tracks and roads to move efficiently across woodlands and deposit faecal marks 312 wolves in desert environments, where man-made tracks do not facilitate wolf movement so we can 314 only speculate as to the reason for the very low number of samples found. If South Sinai wolves do 315 not create latrines, then the low density of this species could explain the very few scats found 316 (although we were able to obtain pictures of wolves); if they create latrines, we probably did not 317 manage to include one in the transects nor in any of the opportunistic sites and this explains why the 318 number of scats found was so low. This discrepancy in the collection rate of different collection 319 approaches weakens the validity of transects as survey method as, according to our findings, they 320 might tend to underestimate the density of species that do not deposit scats uniformly. 321
Identification of scats in the field also proved problematic for two of our target species: 322 morphological identification did not prove reliable to distinguish between wolves and dogs and 323 between different fox species, requiring the use of genetic analysis to identify species; however, the 324 use of dogs to detect scats could improve the rate of detection and the reliability of identification of 325 the scats (Oliveira et al., 2012) . Performing genetic analysis on scat samples is expensive, but 326 additional information can be obtained that would prove valuable to plan effective conservation 327 efforts such as hybridisation status and inbreeding of rarer species. 328
Camera-trapping was the most reliable method in assessing occupancy across all the species, 329 including the most elusive. Current models do not provide reliable estimates of occupancy when the 330 detection probability is low (<0.15). In this case, it becomes hard to distinguish between sites where 331 a species is present and not detected, and those where the species is truly absent (MacKenzie et al. 
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